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Sustainability assessment of supply chains with engineering 
services focus 
 
 
Abstract 
 
The use of information and communication technologies to support inter-company 
collaboration in the form of virtual enterprise is a critical factor to the success of the venture.  
Due to the dynamic nature of the business partnership, the provision of communication 
infrastructure among the partners needs to be interoperable and fit for the purpose.  This 
paper uses the case study research methodology to study the e-collaboration patterns of five 
cases in which the companies have particular focus on providing knowledge intensive 
engineering services to customers.  The supply chains have a vibrant nature in their structure 
and are modelled as virtual enterprises that have their own phases of development.  
Depending on the communication capabilities, individual partners in the virtual enterprise 
may have to invest heavily in order that they can participate in large scale projects.  
Companies without a competent communication technology profile need to consider what 
capability they should acquire and when that capability will be useful.  The study concluded 
that a 5-level communication framework can be used to assess the sustainability of the 
virtual enterprise and assist supply chain partners to consider whether they would invest to 
attain the acceptable level of competency to join. 
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Introduction 
 
Small and medium enterprises (SMEs) form an important constituent of any modern 
economy.  According to the Council of Small Business Organisations of Australia, there are 
more than 1.88 million small businesses in Australia employing 3.6 million people and with a 
total capitalised worth of $4.3 trillion, 4 times that of the Australian stock exchange (COSBOA, 
2011).  However, SMEs are subject to severe competition from global suppliers.  This 
problem is particularly obvious in labour intensive industry sectors such as textile, apparel 
and furniture manufacturing.  To circumvent this trend, many SMEs are specialising in 
customisable products which offer higher value.  Efforts to assist individual sectors to 
become more competitive meet with varying successes (Mo et al, 2001; Beaumont, 1998; 
Ekanem, 2005).  These efforts have introduced changes in manufacturing industry in 
developed countries forcing companies to work together in different forms of collaborative 
supply chains (Nemes & Mo, 2004).  One of the forms is known as Virtual Enterprise (VE) 
which is characterised by low volume, project based, niche high value engineering work (Van 
den Berg & Tolle, 2000; Beckett, 2003).  Interactions at organizational, technical, social and 
commercial levels give rise to properties that have to be dealt with carefully (Pinsonneault & 
Caya, 2005; Zarour et al, 2005).  On the other hand, this type of supply chains are flexible, 
dynamic with minimal or sometimes no contractual agreements among the partners, and can 
be created and disbanded in very short time frames (Hao et al, 2005);.   
 
The high agility in these virtual engineering enterprises give rise to a number of issues: 
 
• Engineering services are one-off development and very dependent on the human 
relationships between people.  The work (services) can vary significantly between 
contracts.  Design of the system supporting this type of agile business is necessary to 
reduce project risks (Lockett et al, 2011). 
 
• Mismatch of organisational culture and miscommunication give rise to a lot of hiccups 
due to the lack of formal processes and procedures.  These are involved and must be 
agreed to by partners.  Small problems exist in many activities causing significant delays  
and impose high risks to the service providers (Braziotis & Tannock, 2007).   
 
• It is important that companies in the VE have access to an effective infrastructure so that 
they can work together efficiently to ensure profitability and sustainability of the business 
(Cheng & Popov, 2004). 
 
A virtual enterprise offering engineering services comprises people and technologies that 
adaptively compute and adjust a system’s changing value of knowledge (Spohrer et al, 2007).  
Abe (2005) described a service-oriented solution framework designed for Internet banking.  
The Institute of Manufacturing at University of Cambridge summarised the nature of services 
systems as “dynamic configurations of people, technologies, organisations and shared 
information that create and deliver value to customers, providers and other stakeholders” 
(IfM and IBM, 2008).   
 
These studies show that a clearly defined enterprise infrastructure linking different parts of 
the service supply chain has to be created and managed for supporting complex services.  
The question is how this enterprise infrastructure can be defined properly to reduce the risk 
of system design error.  Unfortunately, this type of study must be done in situ, as evidence 
from the some of the earlier engineering service system design projects (Shinonome et al, 
1997; Mo et al, 1998).  This paper describes a case study research approach investigating 
the enterprise infrastructure of service supply chains in several industries.  The methodology 
is adopted from Yin (2009) and has particular focus on the contemporary nature of the 
information and communication technologies (ICT) available at particular time in the studies. 
 
 
Case study research design 
 
Case study research methodology has been used extensively in a number of disciplines 
including accounting, management, education and medical profession (Scapens, 2011; Perry, 
1998; Hansen, 2011).  Case study research is particularly useful in identifying specific 
characteristics that affect system performances.  Serra and Ferriera (2010) identified four 
strategy pillars in five case studies of well-known multinational corporations.  In supply chain 
case study research, Seuring (2008) surveyed 68 papers supply chain sustainabililty and 
supply chain performance and concluded that more data should be collected from supply 
chains and that the research process should be more comprehensively documented and 
reviewed.  Lewis et al (2011) research three cases studies in the energy and maintenance 
management practices area.  They found that there was an interdependent link between 
energy and maintenance management; reactive maintenance and it should be better 
understood when the teams worked together for service solutions. 
 
However, participation in a supply chain is not a trivial exercise for companies.  It involves 
substantial investments and balancing effort both in terms of capital as well as staff 
commitments.  For example, in a performance oriented service system, improvement of 
service level quality can be achieved by increasing inventory cost (Shen and Daskin, 2005).  
Van Donk et al (2011) carried out a structured literature review on the influence of ICT in 
supply chain management.  They found that despite inconsistency in reported findings in this 
field of research, there were general positive performance outcomes of supply chains due to 
ICT system development.  Kucza and Gebauer (2011) investigated the forms of servitization 
of products could help global manufacturing firms to develop new service-based and 
relationship-based value propositions for customers.  Four such forms were identified: 
integrated and ethnocentric; integrated and polycentric; separated and polycentric; and 
separated and geocentric.   
 
Bhaskaran and Gligorovska (2009) surveyed the reasons why SMEs in the food industry in 
Australia adopted or refused ICT in their organizations.  For those SMEs that adopted ICT, 
they investigated their prioritization in adopting ICT capabilities.  They found that that the 
majority of SMEs only adopted e-mail and informational websites and refused to use 
extranets, e-business, e-commerce and other more sophisticated capabilities.  There were 
significant scale-up issues when laddering-up to more advanced technologies.   
 
Bielli and Bielli (2008) presented a conceptual model of a SMEs network in the European 
project CO-DESNET.  The coordination of distributed and autonomous agents characteristics 
of the collaborative enterprise clusters were represented by suitable models such that global 
performances could be evaluated.  The model was validated by a case study outlining a 
transition to the Net Economy of SMEs in Italy.  Research to develop a general theory of 
service with well-defined questions, tools, methods and practical implications for society has 
been reported by Johannson and Olhager (2006).  They examined the linkage between 
goods manufacturing and service operations and developed a framework for process choice 
in joint manufacturing and after-sales service operations.  It is generally accepted that an 
important element in the design of service systems is the architecture of the system itself. 
 
Unfortunately, the impact of adapting to a service supply chain is very high for SMEs.  An 
essential element in the design of a service enterprise is to develop efficient system 
architecture and provide the right resources to the right service tasks.  By synchronising 
organisational activities, sharing information and reciprocating one another’s technologies 
and tools, each partner in the service enterprise will be able to provide services that would 
have been impossible by individual effort.  Hence, this case study research will focus on the 
supply chains with particular emphasis on engineering work that requires the use of ICT in 
the provision of support services to customers. 
 
One of the most difficult issues in the case study research is the definition of unit of analysis.  
Grünbaum (2007) provided a useful elaboration of the concept by examples of generic case 
studies based on modifications of Yin’s (2004) case study design.  Huang (2008) interviewed 
top management of 40 SMEs in Taiwan on their perceptions of IT components in business 
and found five internal strategic factors inhibiting top management support in IT adoption.  
Holschbach and Hofmann (2011) used case study evidence from eight manufacturing and 
eight service companies.  They found that companies did not use quality management for 
externally sourced business services to its full potential.  There were major risks associated 
with quality failures, standardization and quantity of service on the services provided.   
 
Yun et al (2010) investigated construction consulting firms in South Korea and proposed four 
types of the knowledge mapping models according to the characteristics and conditions of 
their own construction personnel, construction processes, and knowledge transfer 
technologies.  This helped the companies to develop appropriate knowledge management 
systems more effectively.  Sharma (2007) found that SMEs in India were able to produce 
internationally acceptable quality goods and services but were unable to secure exposure 
and economic returns due to the lack of proper information system architecture.  
Unfortunately, the middle operators, namely, the mediators and brokers used this lack of 
capabilities in SMEs to obtain undue economic benefits.  Hence, it is logical to focus the 
investigation to companies that are or have the potential of participating in service supply 
chains and have the need to assess their ICT investment requirements. 
 
 
The Virtual Enterprise Reference Architecture  
 
Virtual enterprises are loosely coupled supply chains with one or a couple of leading 
companies and a much larger number of SMEs supporting specialised development in the 
VE.  In order to enable the ability to assess the risks of ICT infrastructure development (i.e. 
the “how to define” question), this paper proposes that if an assessment scheme to assess 
sustainability of these supply chains is available, companies are able to make decision on 
whether it is worthwhile to invest in participation.  With this capability, SMEs are able to 
reduce risks of investing unnecessarily in expensive ICT which may not eventually bring 
profit to the company.  However, the research question then becomes “what form of 
enterprise architecture design this assessment scheme should be based?” 
 
Espinosa and Porter (2011) explored the Viable Systems Model that supported an 
organizational transformation of sustainability in community and the Complex Adaptive 
Systems that intended to green two firms in the supermarket industry.  Both models were 
found successful in assisting the stakeholders in the case studies to achieve sustainability.  
Chiu et al (2007) implemented an e-health multi-agent based system that ensured 
interoperability and scalable integrated with other systems that the multi-agent system needs 
to interact.  The interoperable architecture of the system using web services, software agents 
and objects helped to achieve its requirements.  Brammer and Walker (2011) surveyed 
sustainability practices in the public sector in 20 countries.  There were significant efforts 
towards sustainability but the extent varied between countries.  These researches indicate 
that a more structured modelling approach is essential for ascertaining sustainability in 
service supply chains. 
 
There are two challenges in developing the virtual enterprise system.  The first challenge is 
the difficulty of modelling a supply chain with SMEs.  Due to limited staff and resources, the 
relationships between the functional and performance perspectives in SMEs are difficult to 
be separated and modelled.  For example, Canavesio and Martinez (2007) who tried to 
model a SME in a supply network required very careful enterprise design to keep it focussed.  
Dewhurst et al (2002) attempted to “design” the SME architecture but realised the problem 
with traditional “single perspective” enterprise when modelling SMEs.  SMEs tend to take 
short cuts in work flow and jeopardise continuity and consistency of processes.  The difficulty 
of modelling SMEs not only reduces the ability to improve the efficiency of the supply chain. 
 
The second challenge is the deficiency of existing methodology in dynamic enterprise 
modelling.  Chatha et al (2006) developed a set of context-dependent dynamic models to 
replicate and analyse historical patterns in order to maintain continuity of manufacturing 
operations while minimising the impact due to multi-processing within business networks.  Yu 
et al (2000) used multiple views of the enterprise to reuse elements within an enterprise 
model.  However, these modelling approaches can only provide a snapshot of the 
enterprises at a particular time of the life cycle.  As the organisation changes, the staff often 
lose track of what they need to do and have to create (or recreate) their own processes.  
Subsequently, the enterprise snapshot does not represent the new enterprise structure and 
can not be used to plan sustainable performance over an extended period of engineering 
services time. 
 
One of the well known architecture for VE modelling is the Virtual Enterprise Reference 
Architecture (VERA) as described by Zwegers et al (2003).  It defines the logical, recursive 
relationships between the Network, the Project and the Product frameworks (Figure 1). 
 
Entities 
Project 
 
Figure 1   The Virtual Enterprise Reference Architecture 
 
In Figure 1, each of these entities is represented by a life cycle describing the phases from 
identification to decommission.  VERA illustrates that the network can create Projects in its 
operational phase and, correspondingly, that a Project Entity can create products and/or 
services in its operational phase. 
 
The life cycle model in VERA was developed from PERA, the Purdue Enterprise Reference 
Architecture (Williams, 1994).  PERA divides the enterprise development process into 3 
subsystems: Information Systems, Manufacturing Equipment and Human and Organisational 
architectures.  The interface between Human and Organisational architecture with the other 
two architectures is known as the “extent of automation”.  A condition for a virtual enterprise 
to be successful is a consensus on each of the “extent of automation” affecting information 
architecture and equipment architecture needs to be agreed among all partners.  In essence, 
the “extent of automation” defines the communication technology level at which the virtual 
enterprise is to operate.   
 
At different phases of the VERA life cycles, it is natural that the degree of automation will be 
different.  For example, Barradas & Pinto-Ferreira (2004) studied a tourism virtual enterprise 
and found that information sharing in the virtual enterprise is highly dependent on the 
commitment of the members to invest in ICT to some common acceptable levels.  However, 
there is no existing guideline in the VERA evolution process to determine the appropriate 
level of “automation” for seamless integration.  Partners in the VE use a significant amount of 
time to adjust among themselves towards a commonly acceptable level of automation.  The 
consequence is a lot of confusion and misunderstanding affecting the effectiveness and 
efficiency of the VE. 
 
In a VE, effective communication is a critical factor in making such a virtual enterprise a 
success.  In the mid 1990s, thick client technology was the favourate technology for 
communication among distributed design and engineering teams (Mills et al, 1998) but the 
high cost of high speed link prohibited wide spread use of this technology.  Alternatively, 
large scale project execution framework was explored with certain degree of success in a 
tightly managed project environment (Jiang & Mo, 2001; Hossam et al, 2002).  Nowadays, 
VE infrastructure using internet based technologies are widely used in business (Malladi & 
Min, 2005; Shen et al, 2004; Chattopadhyay & Mo, 2010). 
 
For communication to be effective, it is necessary that both parties are receptive to the 
information and messages being transferred.  In a computing environment, the international 
standard Open Systems Interconnection (ISO, 1983) is a framework for communication 
between computers.  An important concept of OSI is its peer-to-peer communication process 
(Dilts et al, 1991).  Hence, two entities cannot communicate unless the lower layer functions 
are available and operational.  Since the primary goal of the VE is to provide engineering 
services to global customers, it is important to recognise that the focal point of investment 
decision is on what communication is required for delivery of the service rather than the 
communication method itself.  The VE life cycle phases reflect the work requirement of the 
VE and hence can be regarded as a pattern indicator of the possibility of continuity in the 
business.  Since sustainability is a combination of business continuity and operational 
efficiency, modelling the VE using VERA and identifying which life cycle phase the VE is 
operating will provide an assessment of the sustainability of the supply chain.   
 
 
The proposition: communication technology levels 
 
An important feature of a VE is the ability to collaborate through effective communication.  A 
model is required to assist the investment decision process.  Nosek (2005) proposed a 3 
level collaboration framework for understanding sense making in virtual teams.  However, the 
complexity of communication technology level depends on the task to be carried out at hand.  
It is necessary to develop a measure of the degree of sustainability of engineering services.   
 
It is proposed that there is a direct relationship between the communication technology level 
with the maturity of the VE as modelled by VERA.  In Figure 1, of the 8 life cycle phases, the 
identification and decommission phases do not seem to require much communication.  The 
identification phase is ad hoc and often intermittent.  In the decommission phase, the supply 
chain is basically disbanded.  As the VE progresses through its life cycle of development to 
securing real business, everyone in the VE should try to achieve certain level of 
communication technology in order to participate in the VE effectively.  This means certain 
level of investment must be made in all partners’ organisations.  For larger organisations, 
most of the infrastructures have been in place.  In many cases, they have the command of 
the VE on the selection of communication products.  SMEs on the other hand, are more 
passive in participation.  Large investment in communication technologies must be 
considered along with the potential benefits that this investment will bring to them. 
 
To assist companies in deciding how their communication technology level should be 
developed, we introduce the concept of “communication competency” that indicates how 
effective the operation of the supply chain is.  A five level model is proposed to describe the 
ICT functionalities required to achieve interoperability across the VE.  This model is 
designated as VE Communication Framework (VCF) in Figure 2.  The model adopts the ISO 
principles that in order for communication to be effective, both sides should have compatible 
level of ability. 
 
Application 
Presentation 
Interpretation 
Verification 
Basic 
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Application 
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Figure 2 - The VE Communication Framework 
 
Basic level 
 
The basic level represents the transmission media that will be used in the communication 
process.  The choices depend on the technologies available to the partners in the VE.  
Functions that are classified in the physical level have the following characteristics: 
 
• Activities are transport in nature.  Information is moved physically from one partner 
(or party) to another. 
• There is no change to the form or format of information in the transmission. 
 
Telephone and meetings are typical examples of facilities at this level.  This is fundamental 
to all cases and should exist in order to support any other levels of communication. 
 
Verification level 
 
The verification level performs the function of collating the information transferred as a unit 
package and closing the loop between the sender and the receiver.  This includes tasks such 
as receipt certification, content acknowledgement, re-transmit request when errors occur, 
incomplete delivery handling, master copy filing, etc.  In the toolmakers’ VE environment, 
these functions will sometimes be performed by a number of parties, including outsourced 
entities.  Functions that are classified in the verification level have the following 
characteristics: 
 
• Information for communication is packaged (or unpackaged).  Messages that 
accompany the communication will be coupled with (or decoupled from) the content 
of the transmission. 
• During packaging, the information will be streamlined as required by the 
communication media at the physical level.  Similarly, streamlined information 
received from the physical level may be re-sequenced to a form that is useful for 
interpretation. 
• Resolving destination information at either side of the level is necessary. 
• The content of communication remains unchanged. 
 
Email is the most common form of technology employed at this level. 
 Interpretation level 
 
The interpretation level performs the function of diverting information into relevant streams.  It 
is responsible for interpreting data and ensures collaboration can occur.  In a communication 
process, there are many types of information transmitted.  For example, a set of files 
consisting of some drawings, a project plan and a product specification is received.  Each 
information item will be processed by different people in the company and hence it is 
necessary to divert parts of this information to different departments for processing.  
Communication between two communicating parties at this level involves the identification of 
corresponding functional departments of the partners and gathering of information pertinent 
to (not necessarily exactly the information the other party desires to have) the communication 
parties.  Functions that are classified in the interpretation level have the following 
characteristics: 
 
• Information for communicating to the other end may come from several sources.  
Searching of related information is necessary. 
• Content data are consolidated, re-arranged.  Meanings of data are extracted. 
• Merging and de-merging of data are typical activities required at this level.  However, 
the format of data remains unchanged, for example, text data remains as text data. 
 
Web communication via a portal and server side capabilities can be classified at this level. 
 
Presentation level 
 
The presentation level is the interface between application level and interpretation level.  It 
contains the functions to convert the information to a format suitable to be used by the 
application that the toolmaker wants to run.  For example, a toolmaker may receive a 
facsimiled drawing.  A system is required to convert this information into a computer model.  
There is no fundamental change of the content of the information.  Communication between 
two communicating parties at this level requires evaluation and perhaps, confirmation of the 
accuracy in the content of information being transmitted.  Functions that are classified in the 
presentation level have the following characteristics: 
 
• Data for communication is transformed into a different format as required by the 
applications. 
• Each application will produce data from its own data sources.  Some synchronisation 
of data may be required. 
• The content of communication can be changed to produce a coherent presentation 
for the receiving party. 
 
Internet document services provided by team collaboration tools such as TeamSpace and 
Quickplace can be classified at this level. 
 
Application level 
 
The application level describes the functions that a toolmaker needs to use for processing 
the information in their work.  For example, the toolmaker may use the information as a basis 
to design a new tool, or he/she will use the information to schedule the machines for the next 
24 hours.  Two toolmakers, or the customer and the toolmaker must communicate at this 
level in order that the VE can fulfil its mission.  Functions that are classified in the application 
level have the following characteristics: 
 
• Information for communication is created, changed, processed, and extracted as 
required by the applications.  There is no restriction in the size, format, form and 
nature of data generated in this level. 
• Applications will own their own data sources.  Sharing of data across applications is 
possible.  Sharing of data across the company is not allowed. 
• For sharing data across the company boundary, the information needs to be 
transmitted through RCF. 
 
This level of ICT capability involves sophisticated web work platforms such as Microsoft 
Project Server, ProjectLink, MatrixOne and other interoperable application software. 
 
 
Case Studies 
 
Five VEs are studied to explore how supply chain sustainability are reflected in their 
operations while they progress through various stages of VERA.  The aim is to detect the 
complete end-to-end activities in a process map which can then be analysed to identify 
issues affecting interoperability in the VEs. 
 
Case Study 1:  AGILENET 
 
It is observed that in many industries, clients are seeking shorter runs of bundled products 
and services.  Potentially, small firms have the ability to provide such flexibility, but on 
occasions may need to pool their resources to access sufficient breadth of capability or 
capacity.  The AGILENET Collaboration of Tier 2 and Tier 3 suppliers draw on these 
strengths and pool resources in a dynamically changeable way (Beckett, 2004).   
 
The AGILENET started with a series of informal discussions (meetings) among several 
toolmakers in various meeting venues.  In the conceptual phase, no written information 
existed.  Phone calls and ad hoc invitation notes were common communication technologies 
used in this environment.  As the network became more mature, individual companies began 
to contact each other and cross-visited their factories to ascertain the basis of collaboration.  
A couple of companies were keen to move forward and proposed some ideas of how the 
AGILENET should be organised.  A draft agreement of collaboration was circulated stating 
the intention for a range of activities: 
 
• Inter-firm trading in support of individual participant firm projects 
• Joint internal projects such as the exploration of joint purchasing possibilities 
• Sharing market intelligence 
• Collaborative R&D 
 
Hence, AGILENET only requires to use Basic Level communication technologies. 
 
Case Study 2:  Collaboration Among 3 Tool Makers 
 
The second VE studied was a collaborative consortium involving 3 toolmakers.  Due to 
commercial reasons, we keep the toolmakers anonymous and use names A, B and C 
instead.  One of the toolmakers (A) received a customer order.  The tool was a bit more 
complicated and he required skills from two other toolmakers (B and C) to complete the task.  
In the project, Toolmaker A was the prime contact with the customer and responsible for the 
delivery of the product (the tool). 
 
At the conceptual phase of the project, Toolmaker A received part information from the 
customer.  As most of this information was high level part requirements and design models, 
he arranged meetings with B and C to discuss how the tool should be put together.  At this 
stage, meetings and discussions were generally arranged via phone and facsimile, while 
contracts and related documentations were handled by emails.   
 
When the team entered into design phases, the situation was more complicated when they 
exchanged design information.  Toolmaker A used a professional CAD system.  Toolmaker B 
used a simple drafting software.  Toolmaker C was a small tool shop and did not have a CAD 
system. 
 
At the start of the tool design, Toolmaker A developed an overall view of the tool in his CAD 
system.  In order to transfer the information to the other toolmakers, Toolmaker A extracted 
the tool model into a STEP file.  The STEP file was passed to Toolmaker B on a CD.  
Toolmaker A also plotted the drawings for Toolmaker C.  In addition, Toolmaker A compiled 
supplementary product information that the other toolmakers needed to design the tool.  At 
the receiving end, Toolmaker B received the STEP model and relevant information.  The 
geometrical data were captured in his drafting software.  Most of the data were accepted 
except some critical sections which Toolmaker B had to compare with the drawings supplied 
and made necessary corrections.  Toolmaker B then took this model together with other 
product information and developed a specification to manufacture the product.  A couple of 
experienced engineers were involved in this process. 
 
On the other hand, Toolmaker C used the drawings and the supplementary information from 
Toolmaker A.  Some errors of interpretation were encountered but with more frequent 
meetings and reviews, the job was finally done. 
 
A process map of the above activities was recorded in Figure 3. 
 
 
Figure 3 – Collaborative tool design project among 3 toolmakers 
 
During the project, Toolmaker B and C were requested to upgrade their communication 
capabilities to match that of Toolmaker A.  However, the cost of upgrading to new CAD 
systems not only involved the cost of software, but also included training and other 
maintenance costs.  There were some contention in the process and a compromise by 
Toolmaker A was made.  Nevertheless, most communications were done in batch mode 
through emails and document exchanges, which means the collaborative toolmakers were at 
the basic and verification levels. 
 
Case Study 3:  Aerospace Tooling VE 
 
The Aerospace Tooling VE was a much larger project involving over 30 toolmakers of wide 
variety of skills.  The VE was organised in a 2 tier structure with 3 master toolmakers 
responsible for liaison with the customer (Mo et al, 2005).  When the VE was studied, the 
Aerospace Tooling VE was already working on producing the tool for the customer.  
Scheduling tool components delivery to the master toolmakers was an essential collaborative 
task for all companies in the VE.   
 
The scale of the project also brought some advantage in communication profiling.  All 
toolmakers in the VE had been using CAD systems from various vendors.  Transfer of design 
information had occurred and the partners managed to resolve the discrepancies between 
CAD models held by difference companies.  The VE also agreed to exchange scheduling 
information via a standard format, that is, Excel spreadsheet. 
 
The actual coordination within the VE was a bit more complicated.  A few toolmakers were 
actually using MS Project as the scheduling and planning tool.  Figure 4 shows a block 
diagram of the scheduling and costing system used by the lead company in the VE.   
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Figure 4   Scheduling and costing system 
 
In order to enable transfer of information from this system to other partners in the VE, a data 
portal that allows massive data upload and download was maintained.  Most project control 
data transfer are exported MS Project format.  In addition, supplementary documentation of 
project control was added to Excel file manually.  Since the design was basically confirmed 
(minor adjustments were still required but these were limited by consensus within the VE), 
and the synchronisation of production schedule was only required once a week, the 
consortium found that the extra manual work in the process was manageable.  
 
As the product was close to completion, most of the tool components were delivered to the 
master toolmakers and the communication requirements diminished.  Changes and error 
corrections were generally handled by meetings and phone discussions.  The more 
sophisticated engineering data exchanges as well as document management demanded 
(from basic) up to presentation level. 
 
Case Study 4:  Maintenance Enterprise 
 
Over the life time of the asset (30 years), changes due to new technologies, people and 
defence requirements are inevitable.  The service system developed to support continuous 
improvement of the capability of the asset was the ANZAC Ship Alliance (ASA).  Initially, Hall 
(2000) developed a highly integrated documentation and configuration management system 
that served the on-going need of ten ANZAC class frigates.  The ASA implemented upgrades 
on the ships which were actually in service. 
 
The ANZAC Ship Alliance (ASA) can be thought of as a virtual company with shareholders 
comprising the (Australian) Commonwealth, Tenix Defence, and Saab Systems.  The 
mission of the ASA is to manage all change and upgrades to the ANZAC Ships.  The ASA is 
a “solution focused” company where the staff of the ANZAC Ship Alliance Management 
Office will develop change solutions but the detailed design be undertaken by the 
“shareholders” drawing upon their existing and substantial knowledge of the ANZAC Class 
(Mo et al, 2006).  The Business Model of ASA has the following features: 
 
• All parties win or all parties lose 
• Collective responsibility, equitable sharing of risk and reward 
• All decisions based on “best for project” philosophy 
• Access to resources, skills and expertise of all parties 
• All financial transactions are fully open book 
• Encouragement of innovative thinking - outstanding outcomes 
 
The VE operated as a series of nested VERA lifecycles as shown in Figure 5. 
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Figure 5:   Nested life cycle of ASA VE 
 
Due to the large number of staff from various companies involved, changes on the portal 
become difficult to be followed.  The ASA investigated the use of collaborative tools that have 
the ability to keep track of changes and notifying appropriate managers as required.  A 
number of collaborative tools including WelcomeHome and Windchill were evaluated against 
the VE’s requirements.  It is clear from this case study that the ASA was operating at all 
levels of the VCF. 
 
Case Study 5:  Multi-national servicing virtual enterprise 
 
In managing the design and manufacture of a chemical plant for their customer, Kamio et al 
(2002) established a service virtual enterprise (SVE) with several partner companies around 
the world providing after-sales services to a customer (Figure 6).  Each partner was an 
independent entity that was equipped with its own unique capabilities and competencies, 
assuming responsibility to perform the allocated work.  The SVE was designed as a “hosting 
service” which had a broad range of services including plant monitoring, preventive 
maintenance, trouble-shooting, performance simulation and evaluation, operator training, 
knowledge management and risk assessment.  Participants of the virtual enterprise had well-
defined roles and responsibilities. 
Customer
Supplier
Service company
System producer
 
Figure 6: A globally distributed service virtual enterprise 
 
The operation of SVE is clear and defined.  The leading company in the SVE took the 
responsibility to develop a fully functional service internet presence which has the ability to 
provide chat, data search, enquiry, project tracking and other project related capabilities.  
Again this case study shows clearly that all supply chain partners operated at all VCF levels. 
 
 
General Observations 
 
Hence, it is proposed that a five level communication technology scheme can be formulated 
according to the life cycle phases as shown in Table 1. 
 
 VCF Technology Levels 
 Basic Verification Interpretation Presentation Application 
Life cycle 
phase 
e.g. Phone e.g. Email e.g. Portal e.g. 
Computer 
support 
collaborative 
tools 
e.g. 
Integrated 
service 
tools 
Concept and 
Requirements 
√     
Prelim. design √ √    
Detailed 
design 
√ √ √   
Implementation √ √ √ √  
Operation √ √ √ √ √ 
Table 1 – Use of key communication technologies at different life cycle phase of VE 
 The observation of the case studies reveals an important fact of life.  For a virtual enterprise 
to sustain its operation: 
 
• All partners in the virtual enterprise, irrespective of its size, must communicate with an 
agreed protocol; 
• A unified (or standard) information and physical architecture must be agreed upon by all 
partners in the virtual enterprise; 
• Irrespective of the level of ICT employed by individual toolmakers, the lower level 
functions must be fulfilled by alternative technologies; 
• The information and physical architectures must be in place in all entities (Network, 
Project and Product) and in all phases of the virtual entities.  The architectures will vary in 
content. 
 
The VCF provides a reference to communication technology level is required for carrying out 
activities in the VE effectively.  It is necessary to point out that the functional modules can 
either be software, hardware or a combination of both.  All levels (except the basic 
connection) can be implemented in software and equally, all levels can be implemented in 
hardware.  Hardware modules tend to be used for lower level applications.  However, as In a 
virtual enterprise environment involving human participants, the situation is more complicated.  
The level of communication technology can vary greatly between companies.  The 
technology level affects the effectiveness of communication between two parties.  Large 
corporations complain that their smaller partners in the virtual enterprise are reluctant to keep 
up with their IT policies and systems.  Small companies do not have adequate resources to 
support a full team (in many cases, a full time) IT staff in the organisation.  The 
communication capability is often managed in an ad hoc fashion. 
 
Using VCF, the change in communication requirement can be illustrated as a function of 
against the life cycle phases in VERA (Figure 7). 
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Figure 7   Communication profile in VERA 
 
 Conclusion 
 
The characteristics of collaborative engineering supply chains known as virtual enterprises 
are the need to communicate and agree on an aligned action towards a common goal.  In 
this paper, we applied the case study research method to investigate the governing system 
design parameters that govern the risks of SMEs investing into ICT in order to join the virtual 
enterprise and operate effectively within. 
 
Based on the case study research methodology, it is proposed that if the SMEs have the 
tools and hence the ability to assess their own ICT level, and the ability to foresee the level of 
technology requirements in the virtual enterprise that they want to join, the risk of SMEs 
spending the investment while still failing the adaptation in the communication system of the 
virtual enterprise can be significantly reduced.  According to the virtual enterprise reference 
architecture, a five level ICT technology framework is proposed in this paper. 
 
As the virtual enterprise advances through the virtual enterprise reference architecture life 
cycle, the complexity of information to be communicated increases as the project progresses.  
For example, case 1 shows that use of web-based reporting is not a good strategy at the 
start of the project due to the information normally being unstructured.  People do not have a 
confirmed interpretation format.  If nothing gets on the web, it becomes boring and people 
lose interest.  At the later stage of the virtual enterprise life cycle, the complexity requires that 
some agreed format of the information is required as shown in case 4 and case 5.  The 
essential bits of data are defined so that people find the information useful.  The complexity 
of data requires certain level of ability of the communication framework, which implies a 
higher level within VCF.  Hence, the communication technology profiles can be conveniently 
specified within a virtual enterprise and individual partners will be able to use VCF as a 
guideline to determine what ICT investments are required against the status of the virtual 
enterprise. 
 
The partners participate because there are business objectives to be fulfilled by operations 
within their companies and collaborating with other companies within the virtual enterprise.  
Application of different levels of communication technology will enhance the effectiveness of 
the VE but does not necessarily increase its capability.  However, appropriate technology 
used in the communication systems will provide certainty in satisfying the objectives of the 
VE.   
 
Using the five level model, the five cases in engineering services supply chains were studied 
and the technologies in these cases were mapped against the ICT levels in the framework.  
VCF promotes the understanding and mapping of how communication technology 
capabilities in an engineering services VE.  It was found that there is strong relationship 
between the life cycle phases of the virtual enterprise as compared to the virtual enterprise 
communication framework.  The case studies show that the VCF is a generic framework for 
ICT capability assessment.   
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